Persistent hypoparathyroidism is a frequent complication after total thyroidectomy. This study was to assess the feasibility of parathyroid gland autotranplantation after total thyroidectomy. Parathyroid gland autotranplantation is a simple safe technique with high success rate in preventing persistent hypoparathyroidism. a r t i c l e i n f o 
Introduction
There is still controversy about the proper management of thyroid and parathyroid glands in surgical management of hypopharyngeal and laryngeal carcinomas. Most surgeons agree that at least one thyroid lobe with its related parathyroid glands could be preserved in most cases with pyriform carcinoma and unilateral laryngeal carcinoma. Only the ipsilateral thyroid lobe is resected en block with the surgical specimen preserving the contralateral thyroid lobe in these cases [1] .
There is high incidence of thyroid gland invasion in postcricoid carcinoma thus total throidectomy is indicated in most cases with postcricoid carcinoma and in circumferential hypopharyngeal carcinoma [2] . Also total thyroidectomy is indicated in advanced laryngeal carcinoma with bilateral thyroid cartilage invasion or subglottic extension [3] .
Persistent hypoparathyroidism is frequent after total thyroidectomy which is difficult to manage unlike hypothyroidism [4, 5] .
Many series had described parathyroid autotransplantation after total thyroidectomy in thyroid carcinoma [6e8] but few studies were reported regarding parathyroid autotranplantation after total thyroidectomy in hypopharyngeal and laryngeal carcinomas [9] . Parathyroid autotransplantation was first performed in humans by Lehey [10] in 1926. Parathyroid autotransplantation may be immediate or delayed. The intraoperative autotransplantation is in another location rather than the delayed cryopreserved gland is in the subject of this manuscript. The routine parathyroid autotransplantation decrease the incidence of permanent hypoparathyroidism to less than 1% [11] In this study we tried to assess the feasibility of parathyroid gland extraction and immediate autotranplantation in the forearm after total thyroidectomy in advanced hypopharyngeal and laryngeal carcinomas and the effectiveness of this technique to prevent the occurrence of persistent hypoparathyroidism.
Patients and methods
This study included 26 patients with hypopharyngeal and laryngeal carcinoma presented to our unit at National Cancer Institute (Cairo University) in the period from March 2011 to June 2013. This study was approved by the ethical committee review board of National Cancer Institute, Cairo University in accordance with the Helsinki guidelines for the protection of human subjects. Written informed consent was obtained from all participants. These patients were diagnosed either outside or at our institute by direct laryngoscopy or hypopharygoscopy and adequate biopsy from the tumor. Preoperative medical assessment included routine complete blood picture, liver and kidney functions, fasting blood sugar, bleeding and coagulation profile and cardiological assessment. The stage of the disease was evaluated by clinical assessment, fibreoptic laryngoscopy, locoregional (CT or MRI), routine CXR and other metastatic workup as indicated.
The extent of surgical resection and the technique of reconstruction with its potential complications and parathyroid autotransplantation were discussed preoperatively with the patient with combined signed consent by the patient and the surgeon performing the operation. Total thyroidectomy and total parathyroid gland excision were performed in those 26 patients as a part of adequate oncologic surgical procedure.
Total laryngo-pharyngo-esophagectomy and total thyroidectomy was done in 19 cases with hypopharyngeal carcinoma. Eleven cases had advanced post-cricoid carcinoma and eight cases had circumferential lesions. Reconstruction was done by gastric transposition in all of the cases. This technique is the most commonly used after pharyngolaryngo-oesophagectomy in patients with hypopharyngeal carcinoma in our institute, owing to increased multidisciplinary experience in this form of surgery and in relation to the advanced pathological stage of hypopharyngeal carcinoma at presentation in which total oesophagectomy is needed to obtain proper lower safety margin [12, 13] .
Total laryngectomy and total thyroidectomy was performed in 7 patients with laryngeal carcinoma as all patients had advanced disease. In five cases the tumor had invaded the thyroid cartilage bilaterally and in 2 cases there were subglottic extension. Five cases were treated primarily by surgery and in 2 cases salvage surgery was done after failure of previous radiotherapy.
Technique of parathyroid autotransplantation
The search of parathyroid glands was begun at the point where the recurrent laryngeal nerve crosses behind the inferior thyroid artery. The inferior parathyroid glands were usually found below this point. The superior glands were often found within 1e2 cm above this point. This technique was described in detail by Kaplan in 1984 . The parathyroid glands were identified, resected and stored in iced saline until completion of the operation. Part of the extracted supposed parathyroid glands and the surrounding fat tissue was sent for frozen section examination to confirm being parathyroid glands and to exclude malignant invasion. Each parathyroid gland was sliced into 1e3 mm slices and three or four grafts were implanted into separated muscle pockets in the anterior forearm muscles (in brachioradialis muscle), then the muscle is closed with non absorbable sutures [14, 15] .
Follow up and assessment of function of grafted parathyroid glands
Blood samples were drawn from both forearms 24 h, 3 days, 2 weeks and one month after surgery to assess parathormone level. Prolonged use of tourniquet was avoided before blood sampling. Serum calcium was also measured every 12 or 24 h postoperatively, 2 weeks, 2 months, 4 months and 6 months postoperatively. Vitamin D (calcitriol, 25e50 ug), calcium (ca carbonate 2e3 g) and thyroxine (200 ug) supplementation started on first post-operative day via the feeding tube. Patients who experienced symptoms or signs of hypocalcemia or a fall in serum calcium below 8 mg/dL were given oral 1,25-Dihydroxycholecalciferol 0.5e1.0 ug/day and oral calcium carbonate 1 g/day. Patients with severe symptoms of hypocalcemia or a [Caþ2] level less than 7 mg/dL were given intravenous calcium gluconate. Patients were deemed ready for hospital discharge as soon as the serum calcium reached 8.0 mg/dL. All patients with a [Caþ2] level less than 8.0 mg/dL were maintained on supplemental calcium carbonate and vitamin D after hospital discharge.
Data of all patients were collected and analyzed including primary sites of malignancy, Perioperative complications, number of autotransplanted parathyroid glands, and postoperative serum levels of parathormone and calcium.
Results
The mean age of our patients was 52.3 years (range 34e65 years). The primary sites of malignancy are presented in Table 1 . Primary site of tumor was the hypopharynx in 19 cases and the larynx in 7 cases. Total thyroidectomy and parathyroid excision were done in all cases as a part of adequate oncologic procedure. Two cases were found to have malignant infiltration of the extracted parathyroid specimens by frozen section and were excluded from our study.
The number of glands used for transplantation ranged from 1 to 5 glands Table 2 . The right and left forearms were used for parathyroid autotransplantation in 2 and 22 cases respectively as our rationale was to use the non dominant forearm. Perioperative mortality occurred in 2 cases and they were excluded from the study. One patient died from massive myocardial infarction on third postoperative day. The 2nd patient developed sloughing of a part of the gastric tube. Reexploration and excision of the sloughed segment was done with orostome and gastrostome,however, this patient died on 19 P.O day from severe chest infection. Perioperative complications are shown in Table 3 .
Circulating levels of PTH were undetectable on the first postoperative day, however, PTH levels gradually increased, and by the third post-operative week they had reached 20 pg ml ± 1. Patients were weaned of calcium and vitamin D supplements during the fourth post-operative week.
All our patients experienced a [Caþ2] less than or equal to 8.0 mg/dL associated with symptoms and signs of hypocalcemia within 1e5 days after operation (mean, 2.0 days).
All patients were followed for at least 6 months to assess the level of serum calcium and parathormone. Only one patient experienced parathyroid graft failure as judged by undetectable levels of circulating PTH measures by immunoassay while the remaining patients were normocalcemic at 6th months follow up after surgery, indicating the presence of functioning parathyroid grafts (see Fig. 1 ).
Three patients took calcium and vitamin D supplantation regularly beyond 6 months; however, only one patient required continued calcium or vitamin D replacement to maintain asymptomatic normocalcemia.
Discussion
The proper management of thyroid and parathyroid glands in laryngeo-hypopharyngeal carcinoma is still controversial. The incidence of thyroid gland involvement in laryngeohypopharyngeal carcinoma ranges from 0 to 23% [1e3] and this occurs mainly due to the physical proximity of the thyroid gland to the laryngopharynx. This low incidence of thyroid gland invasion explains why total thyroidectomy and parathyroid gland resection is rarely performed nowadays. However there is still subgroup of patients with advanced tumor stage who are in need for total thyroidectomy and parathyroid gland resection, and this include patients with postcricoid carcinoma, circumferential hypopharyngeal carcinoma [2] and patients with advanced laryngeal carcinoma with bilateral thyroid cartilage invasion or subglottic extension [3] . In our study, out of 56 patients with laryngeohypopharyngeal carcinoma presenting to our center, the thyroid gland, parathyroid bodies, and regional lymph nodes was excised 'en bloc' with the primary tumor in 26 patients (46%) while in the other patients at least one thyroid lobe with its ipsilateral parathyroid glands could be preserved. This high incidence of total thyroidectomy in our patients may be explained by late presentation with advanced tumor stage at our institute.
The symptoms of hypothyroidism and chronic hypoparathyroidism occur in patients surviving after surgery and/or radiotherapy for squamous cell carcinoma of the larynx and hypopharynx [16, 17] . However often these disorders are not noticed until symptoms are severe [18] . The diagnosis may be delayed due to lack of awareness, low index of suspicion, or both.
The reported incidence of hypoparathyroidism following thyroidectomy varies from 3% to 32% [19] but depends upon the extent of the surgery and the indications.
In a select group undergoing preoperative radiotherapy followed by surgery, 57% developed hypoparathyroidism in the month following surgery but no data was available regarding their long term parathyroid status [19] . While the management of this problem with vitamin D analogs and oral calcium may in many patients be satisfactory, hypoparathyroidism can have considerable consequences on bone metabolism, renal function, the risk of cataract formation and quality of life [20] . In patients undergoing pharyngolaryngectomy with oesophagectomy and total thyroidectomy, 50e73% were found to be hypoparathyroid in the immediate postoperative period [21, 22] .
Many series had described parathyroid autotransplantation after total thyroidectomy in thyroid carcinoma [6e8] but few studies were reported regarding this technique after total thyroidectomy in hypopharyngeal and laryngeal carcinomas [9] .
Functional assessment of parathyroid autografts has included maintenance of normocalcemia without calcium supplementation, elevated PTH concentration in blood draining from the grafted site compared with systemic blood, increase in PTH level after transplantation, and graft uptake of radioisotope [23] . In our study we assessed our graft by frequent assessment of systemic serum Ca and Parathormone level from antecubital vein of the grafted forearm. We found gradual rise of PTH level in grafted site from 12.7 ± 5.1 from day 0 postoperative to71.7 ± 7.1 Pg/ml one month after surgery denoting a good functioning parathyroid graft. In our series All our patients experienced a [Caþ2] less than or equal to 8.0 mg/dL associated with symptoms and signs of hypocalcemia within 1e5 days after operation (mean, 2.0 days). Three patients (11.5%) took calcium and vitamin D supplantation regularly beyond 6 months; however, only one patient required continued calcium or vitamin D replacement to maintain asymptomatic normocalcemia. Only One patient experienced parathyroid graft failure as judged by undetectable levels of circulating PTH measures by immunoassay. After 6 months the remaining patients (82%) remained normocalcemic, indicating the presence of functioning parathyroid grafts and these results are comparable with other reports which showed success rates range from 55% to 100% after immediate autotransplantation of fresh parathyroid tissue [24] .
Most studies on parathyroid autotransplantation in thyroid carcinomas reported autotransplantation in the neck in the same field of surgery [6e8] .
However in our study we preferred transplantation of the parathyroid gland in the forearm instead of the neck as this site has many advantages. First, it is easy to assess the function of the graft by assessment of PTH level of antecubital vein of the grafted limb. Secondly, most of our patients have advanced tumor and most of them are in need for postoperative adjuvant radiotherapy or have already received preoperative radiotherapy which has an adverse effect on function and vascularity of grafted parathyroid gland. Another factor is that the sternomastoid muscle may be resected with radical neck dissection during the primary surgery or surgery for treatment of nodal recurrence. For all of these reasons, we preferred to do our transplanted parathyroid gland in the forearm instead of the neck.
Conclusion
Thyroid and parathyroid gland en block resection should be done in all patients with advanced laryngeo-hypopharyngeal carcinoma for adequate local control. Parathyroid gland autotransplantation should be done for these patients when possible to avoid permanent hypoparathyroidism. We advice to do transplantation in the forearm as it has many advantages over the neck site.
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